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Structural, elastic and thermal properties of lanthanide monoantimonides LnSb (Ln = La, Ce, Pr, Nd, Sm, Gd, Tb,
Dy, Ho, Er, Tm, Yb and Lu) compounds have been studied theoretically using full potential linearized augmented
plane wave plus local orbitals (FP-LAPW + lo) method within the density functional theory. The structural
properties are investigated by using GGA-PBEsol scheme. We calculated bulk modulus, shear modulus, Young's
modulus, anisotropic ratio, Kleinman parameters, Poisson s ratio, Lame's co-efficient, sound velocities for shear and
longitudinal waves, and Debye temperature. We also predict the Cauchy pressure and B/G ratio in order to explore
the ductile and brittle behaviors of these compounds.Our results are in good agreement with available experimental
and other theoretical data and also provide predictions where no experimental or theoretical results are available.
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Introduction

Lanthanide-based monopnictides LnX (Ln=La, Ce, Pr, Nd, Sm, Gd,
Tb, Dy, Ho, Er, Tm, Yb and Lu and X =P, As, Sb and Bi) attract great
attention due to their interesting electronic and magnetic properties
and a variety of practical applications in the field of non-linear
optics, glass making, phosphors lasers, composites lasers, displays,
metal based transistor and optical amplifiers. These compounds
aresimple cubic NaCl type crystal also exhibit many unusual physical
properties such as large magnetic anisotropy, complex magnetic phase
diagram, large Kerr angle, heavy-fermion,mixed-valence, Kondo
insulatorand very small crystal field splitting[ 1-4]. These phenomena
are intimately connected with the strong correlations among the Ln-f
and pnictide-p electrons and the proper theoretical description of the
electronic structures of these compounds remains a challenge [4,5].
The electronic properties of the lanthanides based compounds are
solely dependent on the degree of localization and itinerant nature
of f electrons. The rare-earth elements exhibit different degrees of
localization. The light lanthanides like Ce, Pr and Nd are weakly
delocalized whereas the heavier lanthanides rare-earths are strongly
localized [3]. Further, the bonding between the Ln and pnictogen
atoms cannot simply be described as ionic or covalent, otherwise
they would all be expected to be insulators (semiconductors) [6].

Among the lanthanide pnictides, the lanthanide antimonides (LnSb)
have recently attracted particular interest as a proper reference
material for understanding of various elastic, structural and magnetic
effects [7]. Some of them show magnetic and crystallographic phase
transitions at low temperatures. Monoantimonides (CeSb, SmSb and
YbSb) with NaCl-type structure exhibit anomalies in various physical
properties due to the p—f mixing, dense Kondo effect and heavy
fermion state. Their carrier concentrations increase with decreasing
temperature sincethe p—f mixing becomes stronger. On the other
hand, other rare-earth monoantimonides behave as a nearly normal
magnetic semi-metals and display almost temperature-independent
carrier concentrations [7].

So far as the structural properties are concerned, several pnictides
of lanthanide group are crystallized in NaCl (B1) type crystal
structure and have been investigated by using high-pressure X-ray
diffraction technique and reported to undergo either CsCl (B2) or
body centered tetragonal (BCT) structure [8-10]. Various experimental
studies have been done to investigate the electronic properties of
these compounds [11-13]. The elastic constants of LaSb and Gd
monopnictides were reported experimentally [14,15]. Rakshit, et
al. investigated the lattice vibrational properties of LaSb, CeSb,
PrSb and NdSb using Raman scattering technique (RST) [13]. The
optical properties of SmSb and TmSb are studied by Gigineishvili,
et al. [16]. The magnetic properties of NdSb, GdSb, TbSb, DySb,
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HoSb and ErSb have been studied by Missell, et al. [17].

Besides experiments, lanthanide monoantimonides are also
extensively studied theoretically.Bhajanker, et al. investigated the
thermal and mechanical properties of praseodymium monopnictides
by two body interionic potential (TBIP) [18]. Electronic, structural,
phonon, elastic and thermodynamical properties of SmX (X =P, Sb
and Bi) TmSb andGdSb compounds are calculated using pseudo
potential GGA approximation [19-21]. Svane, et al. studied the
lattice parameters and bulk moduliof Samarium pnictidesby means
of self-interaction corrected local spin density approximation (SIC-
LSDA) [22]. The structural, elastic and thermal properties of Ho, Er
and Tm antimonides have been calculated by Soni, et al. by simple
interionic potential.Pagare, et al.using two body interionic potential
to investigate theoretically high pressure structural phase transition
and cohesive properties of DySb and LuSb [23,24].

Though lanthanide monoantimonides are extensively studied both
experimentally and theoretically but there is a lake of comprehensive
theoretical study of this series of compounds. In the present work
we report the structural and elastic properties of theseversatile
compounds using generalized gradient approximation (GGA-PBEsol).
Attempt has been made to get rational theoretical foundations to
the experimental measurements and provide detailed information
of several unexposed mechanical and thermal properties.

Computational details

Calculations are performed using full-potential linearzed augmented
plane waves plus local orbital(FP-LAPW + lo) [25] method as
implemented in the WIEN2k package [25,26]. For structural properties
spinpolarized calculations are carried out usinggeneralized gradient
approximation (GGA-PBE-sol) [27] as an exchange-correlation
potential. In full potential scheme, the wave functions inside the
non-overlapping spheres are expanded as spherical harmonics
up to angular momentum 1 = 10. Plane wave expansion is used
in the remaining space of the unit cell (interstitial region) fixing
the parameter R, K = 7. RMTsare chosen in such a way that no
charge leakage occurred from the core and total energy convergence
is ensured. We have used 3000 k-points in the Brillouin zone (BZ)
integration. The self-consistentcalculations were considered to
converge only when the calculated total energy of the crystal
converges to less than 10 Ry. The total energies were further
used to obtain theground state properties.

Elastic constants are the key parameters for the determination of the
mechanical properties of a material.In the present work the elastic
constants of LnSb (Ln = La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm,
Yb and Lu) compounds are calculated using Cubic-elastic software
implemented in WIEN2k code [28]. The details about Cubic-elastic
software are available in Refs. [28,29]. In particular a cubic lattice

has only three independent elastic constants C,, C , and C,,.

These constants are calculated, and are further used to evaluate the
mechanical properties of LnSb compounds such as the shear modulus
(G,)), Young’s modulus (Y), Cauchy pressure (C"), Poisson’s ratio
(v), Kleinman parameter ({), and anisotropy constant (A) using
standard relations.

Results and Discussions

Structural properties

The spin polarized calculations are carried out using GGA flavor
GGA-PBE-sol for structural properties of LnSb (Ln=La, Ce, Pr, Nd,
Sm, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu)in NaCl crystal structure.
The structural parameters like lattice constant and bulk modulus are
obtained by minimizing the total energy versus volume for LnSb
compounds. The Birch-Murnaghan's Fit equation of states is used
for optimization [30]. The calculated parameters of these compounds
are compared with available experimental and theoretical results
and listedin Table 1. The table show that our calculated resultsof the
lattice constants arein agreement with experimental measured values.
The calculated results of the lattice constant are also compared with
the experimental values in Fig. 1. The figure indicates that lattice
constant of LnSb compound shrinks with increasing the number of f
electrons which can be attributed to the lanthanide contraction along
the lanthanide seriesfrom La to Lu.This trend in lattice constant can
be explained by increased of anion size and decreased of cation size
with increased of atomic number [31].
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Figure 1: Comparison of Calculated and experimental lattice
constants.

The bulk modulus B, is another important parameter and is a measure
of resistance to volume change by applied pressure or the resistance
to fracture. High value of B has greater resistance to fracture.
The calculated values of B are presented in Table 1. It is evident
from the table that our calculated values of bulk modulus are in
close agreement with reported experimental and other theoretical
results. LaSb have high value of B is 74.67GPa among rear-earth
antimoniodes confirming greater resistance to fracture, while PrSb
have small value of 48.56GPain this series.
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Table 1: Calculated lattice constantain (A) and bulk modulus (GPa) of LnSb compounds in B1 structure

Compounds E, A B,
Present GGAPBE-! 6.45 74.67
d
LaSh Theory LDA! 6.30 69.76
Experiment WC-GGA*® 6.46 59.20
6.49%, 6.45¢ 71.5+3
Present GGAPBE-s! 6.38 72.3
CeSb Theory SIC-LSDf 6.36 69.2
Experiment
6.42 71.5
Present GGAPBE-s! 6.37 48.56
- g
PrSh Theory SIC-LDA 6.24 55
Experiment IPT" 6.40 53.5
6.376%, 6.384 44+5i
PBE- sol
NdSb Theory Present GGA 6.31 55
Experimenti 6.328 58.70
Present GGAPBE-s! 6.27 66.76
k
SmSh Theory GGA! 6.32 56.90
Experiment? SIC-LDA! 6.30 46.7
626 | e
Present GGAPBE-s! 6.19 62.78
GGA™ 6.25 58.74
Experiment LSDA+U® 639 |
6.22%p 63.71°
p APBE- sol . 1 1 .
TbSh Theory resent GG 6.16 71.93
Experiment® 6.17
P t APBE-sol 6.15 55.80
DySb Theory resent GG
Experimenta MIPM4 6.16 53.42
HoSb Theory 6.12 63.37
Experiment® 6.13
Present GGAPBE- ! 6.10 69.68
ErSb Theory LDA" 6.08 68.18
Experiment®
6.106 70.93
Present GGAPBE-s! 6.09 71.27
GGA-PBE® 6.1 60.71
Experiment LDA" 6.03 71.04
6.105 6.08" 71.73%
Present GGAPBE-s! 6.06 57.23
YbSb Theory LSDA+U' 59.30
Experiment
6.079* 5242%
Present GGAP®E- ! 6.00 57.8
GGA+U* 6.09 60.69
LuSb Theory
Experiment GGAY 6.11 58.04
6.04 53+4

*[12], °[9], °[32], [33], <[34], 4] ¢[35], "[36], [37],'[38], *[19], [22], ™[21], "[39], °[40], °[15], (7], [41], *[20], [42], *[43], *[44], *[45],

*[6],*[24]
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Elastic and mechanical properties

The elastic constants provide important information about the
binding characteristics between the closest atomic planes, stiffness
stability and anisotropic character of binding of the materials. They
also provide a relationship between the dynamical and mechanical
behaviors of materials and give important information related to
the nature of forces acting in solids [46,47]. The elastic stiffness
constant C,, represents elasticity in length, and C,, and C,, are
shape related elastic constants.The calculated second order elastic
constants (SOECs) C,,, C , and C,, forLnSb (Ln = La, Ce, Pr,
Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu)compounds, with
available experimental and other theoretical results are listed in

Table 2. It is clear from the table that our calculated results satisfy
the conditions for mechanical stability, i.e.,C , +2C >0,C, -C >
0,C,>0,C,>0and C_<B<C, for cubic structures, hence these
compounds are stable against elastic deformation [48,49]. Our
calculated values of C,, for the compounds under investigation
are in excellent agreement consistent with experimental results,
as compared toother theoretical reported resultspresented in Table
2.The calculated difference between two elastic constants C, and
C,,ie,C -C, for LnSb compounds show slightly disagreement
as compared to the available experimental measured value, but our
results are better for these compounds as compared to the other
theoretical results.

Table 2: Calculated second order elastic constants (SOECs) in GPa of LnSb compounds in B1 structure

Comp. C, c, C, c,C,
Present 94.77 12.72 19.96 82.05
LaSb Theory 159,50, 1325,140¢ 19.9°,15¢, 20¢ 5.00,19.7¢, 21¢ 139.6°, 1175, 120
Exp.* 19.5 74.0
Present 108.53 14.81 18.34 93.72
CeSb Theory® 146.42 24.44 24.44
Present 118.99 13.82 2113 105.02
PrSb Theory 1170, 117.01¢ 211, 21.75¢ 211, 21.80¢ 96.0f
Exp.* 20.0 110.0
NS Present 124.73 16.30 17.37 117.02
Theory* 110.56 22.35 2235
Present 132.83 19.62 19.89 125.2
SmSb Theory 82.11 4429 5.61 37.82
Exp.* 2.7 127
GdSb Present 135.2 12.55 24.04 122.61
Theory 123.381,40.01, 83.64 | 29341 8.411, 6295 | 29.34'8.61),5.96" | 94.04,31.6, 37.35"
TbSb Present 142.20 15.89 21.12 126.31
Present 157.738 17.435 30.194 140.348
DySb Theory' 2236 100.87
Exp* 26.00 148.00
Hosh Present 148.87 14.72 25.78 134.15
Exp* 27.6 138.00
Present 112.69 15.89 24.68 128.58
ErSb Theory' 113.65 16.98 19.57 96.67
Exp.* 26.0 135
Present 151.55 19.02 27.06 132.53
TmSb Theory 151.898", 160.9" 17.289, 24.5° 25.42m, 24,70 134.609", 136.4"
Exp.* 26.8 135
YbSb Present 134.33 18.71 24.62 115.62
Present 128.57 21.80 25.61 106.77
LuSb Theory 122,77, 147.64° 23.14, 18.63° 23.341,25.96° 99.63'

*[12], °[50], <[51], “[14], (8], 18], ¢[36], "[19], '[15],[52], [21], '[24], "[20], "[23], °[6]
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The elastic constants determine the response of the crystal to external
forces, as characterized by Young’s modulus, shear modulus,
anisotropic ratio, and Poisson’s ratio, and play an important role
in determining the strength, stability, internal strain, thermo
elastic stress, sound velocity, fracture, toughness of materials.
The mechanical parameters such as shear modulus (G,)), Young’s
modulus (Y), B/G ratio, Cauchy pressure (C” ), Poisson’s ratio (v),
Kleinman’s parameter ( {), anisotropy factor (A) and shear constant
(C") arelisted in Table 3.
The shear modulus G = G, describes the material’s response to
shearing strain and to obtain G we used Voigt shear modulus G,
and Reuss shear modulus G, using the relations [52-55]:

G, %(3(:4 +C, -C,) (1)
_ S(Cll _ CI )C4 2
= (2)
4c, +3(C, -C,)
Shear modulus is the arithmetic means of G and G :
G, +G
G =——~1F& 5 R 3)

The greater value for shear modulus for DySb (42.64GPa) confirm
that this compound show more resistance to plastic deformation
while LaSb has less resistance to plastic deformation. The smaller
values of shear modulus for all these compounds reveal that, these
all material offer less resistance to plastic deformation.

The Young’s modulus gives useful information about the stiffness
of materials and can be calculated using the following equation:

Y2 9BG, )
3B+G,

Larger the value of Y,the stiffer is the material.It is clear from Table
3 that DySb is stiffer in all theseLnSb compounds.

Pugh proposed the brittle/ductile nature of compounds by the ratio
of bulk modulus to shear modulus (B/G) [56]. If B/Gratio is less
than 1.75, the material behaves in a brittle manner, otherwise the
material will be ductile. It is evident from Table 3 that all compounds
show brittle nature (B/G < 1.75). The Cauchy’s pressure, which is
the difference between C , and C,, (C'= C ,-C,,) can be also used
to describe the brittle/ductile nature of materials.Pettifor suggested
that the corresponding negative/positive value of Cauchy’s pressure
is responsible for the brittle/ductile nature of a compound [57]. The
calculated value of Cauchy’s pressure for LnSb compounds presented
in Table 3 indicates that all these compounds show brittlebehavior.
The Cauchy’s pressure is also used to predict the bonding character
in a material. Its positive value indicates the ionic bonding while the
negative Cauchy’s pressure attribute to directional bonding (covalent
bonding). It is clear from Table 3 that all these compounds have
negative Cauchy’s pressure, and hence these compounds possess
directional (covalent) bonding nature.

Another parameter which also described the brittle/ductile nature
of a compound is Poisson’s ratio which can be calculated using
therelation:

)

The Poisson’s ratio lies in between —1.0 and 0.5, which are the
lower and upper bounds. The lower bound is where the materials
do not change its shape and the upper bound is where the volume
remains unchanged. On the basis of Poisson’s ratio Frantsevich, et al.
explained the brittle/ductile nature of compounds; the compounds are
brittle if v less than 0.33, otherwise the compounds are ductile [32].
The calculated values of v for LnSb compounds for all compounds
under study is less than 0.33, hence the brittle nature for LnSb are
further confirm in term of Poisson’s ratio. If v—0 the materialare
more compressible [58]. Our calculated values of Poisson’s ratio
are greater than zero ((=1—0.2), show that these materials are less
compressible and stable against deforming force.

Kleinman’s parameter ({), describes the relative positions of
the cation and anion sublattices under volume conserving strain
distortions for which positions are not fixed by symmetry [21]. A
low value of =0 implies a large resistance against bond bending or
bond-angle distortion and upper limit (=1 leads to band stretching.
[59-61]. The Kleinman’s parameter can be calculated from elastic
constants by using the following relation:

_C, +8C,

6= 7C, -2G,

(6)

The calculated values in Table 3 predicted the bond stretching is
dominant in LnSb compounds (lower limit of { ).

The elastic anisotropic factor 4 gives a measure of the anisotropy
of the materials and closely related to the microcracks in a
material. Anisotropic ratio can be calculated by using the following
equation:

C -G, )

For isotopic material, 4 is unity. From Table 3, we can see that the
calculated anisotropic ratio of LnSb compounds deviate from unity,
means that these compound show anisotropic character and their
properties vary in different directions.

Another mechanical parameters are Lame’s constants (A, ), which
measure hardness of the materials. Using Young modulus and
Poisson’s ratio, Lame’s constants A and p can be obtain by the
following equations:

I LS (®)
(1+v)1-2v)

Y ©9)
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The first Lame’s constant (L) is a measure of the compressibility of
a material, the second Lame’s constant (), reflects shear stiffness
[62]. The values of Lame’s constants for LnSb compound are given
in Table 3. From the Table 3, it is clear that our calculated value
of Lame’s second modulus is equal to Voigt’s shear modulus (i.e.,
u=G,). For isotropic materials A = p = C" and p = C’". As LnSb
compounds are strongly anisotropic, hence does not satisfied the
condition of isotropy, i.e., A=Cl2and p=C".

Shear constant (), also known as tetragonal shear modulus, it is one
of the criterions of mechanical stability and shows the stability of
the tetragonal distortion. For dynamical stability the shear constant
>0 and has been calculated by using the following relation:

Cll _Clz
2

o (10)

It is clear from Table 3 that our calculated value for is positive for all
compounds which indicate that these compounds are mechanically
stable.

Table 3: The calculated value of Voigt’s shear modulus G , Reuss’s
shear modulus G,, Hill’s shear modulus G,, B/G ratio, Cauchy
Pressure(C"), Poisson’s ratio (v), Kleinman Parameter ({), Anisotropy
constant (4) Lames Coefficient (A and u), and and Shear Constant

().

Table 3: The calculated value of Voigt’s shear modulus G, , Reuss’s shear modulus G, , Hill’s shear modulus G, , B/G ratio,
Cauchy Pressure(C"), Poisson’s ratio (v), Kleinman Parameter () , Anisotropy constant (4) Lames Coefficient (. and x), and

and Shear Constant (C").

Comp LaSb CeSb PrSb NdSb SmSb GdSb TbSb DySb HoSb ErSb TmSb YbSb LuSb
G, 28.39 29.75 33.71 34.51 36.38 38.95 37.93 46.18 42.30 34.17 42.74 37.90 36.72
G, 25.12 24.24 27.78 28.20 30.05 31.77 28.78 39.10 34.20 30.70 35.45 31.96 32.34
G, 26.75 26.99 30.74 31.36 33.21 35.36 33.36 42.64 38.25 3243 39.10 34.93 34.53
Y 68.89 73.43 82.23 84.90 90.08 94.02 93.43 111.74 | 102.56 | 82.90 104.64 | 93.14 90.80
B/G 1.50 1.71 1.59 1.67 1.73 1.51 1.74 1.51 1.55 1.48 1.62 1.64 1.66
c” -7.24 -3.53 -7.31 -5.07 -3.27 -11.49 -5.23 -12.76 | -11.06 -8.79 -8.04 -5.91 -3.81

v 0.21 0.23 0.22 0.23 0.24 0.21 0.23 0.21 0.21 0.21 0.22 0.23 0.24
¢ 0.31 0.31 0.29 0.30 0.33 0.26 0.28 0.28 0.26 0.32 0.30 0.31 0.35
A 0.49 0.39 0.40 0.39 0.40 0.39 0.33 0.43 0.38 0.51 0.41 0.43 0.48
A 21.15 26.22 26.40 32.94 35.78 27.46 32.70 33.42 31.24 25.38 34.70 31.99 3291
u 28.39 29.75 33.71 34.08 36.06 38.95 37.93 46.18 42.30 34.17 42.74 37.90 36.72
C’ 41.03 46.86 52.59 54.22 56.61 61.33 63.16 70.16 67.08 48.40 66.27 57.81 53.39

Thermal Properties

Debye temperature (0) is that temperature at which the wave
length A of vibrating atom is equal to the length of the unit cell in
a crystal. It is important parameter which closely related to elastic
constants, melting temperature and specific heat. We calculated
Debye temperature by using the relation [63, 64].

1
3
A
kyldn\ M
Where K, is Boltzmann’s constant, h is plank constant, p is density
of'a compound, n is number of atom in a unit cell, N, is Avogadro

number, M is the molecular mass of a compound and v_is average
speed of sound, which is calculated as [65]:

(11)

o o2, )
"3y,

Where v and v, are the transverse and longitudinal waves velocities
respectively which is obtained from the equations [66]:

(12)

(13)

It is clear from above equations that the sounds velocities are directly
related to the shear modulus G and bulk modulus B. greater the value
of G and B greater will be the value of sounds velocities.

Our calculated value of density, longitudinal v,, transverse v,,
average sound velocities v, and the Debye temperature for LnSb
(Ln = La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu)
compounds are listed in Table 4. We compared our calculated results
to available experimental as well as others theoretical results. Our
calculated values for Debye temperature (0,) are overestimated
than the available experimental results, but are comparable to the
experimental results than other theoretical reported results. Our
calculated value for Debye temperature 0, for these compounds at 0K
is higher than experimental data of Mullen et al., (T =200 K) listed
in table 4, due to fact that at constant pressure the Debye temperature
decreases as temperature increases [21]. For high value of 0 the
compound will be stiffer and exhibit high thermal conductivity. It
is clear from the Table 4 that 6 for DySb (0, = 309.71 K) is stiffer
than the other compound in LnSb series due to higher value of Young
modulus and elastic constants.
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Table 4: The calculated values of density p (g/cm’), sound velocity of transverse wave v, (m/s) , sound velocity of longitudinal
waves v, (m/s), average velocity v (m/s) and Debye temperature 0, (K) of compounds.

Comp. p 7 v, v, 0,

LaSb Present 6.45 3426.20 2036.26 2254.66 26225

Exp.t 6.33 211.00

Present 6.70 3499.51 2007.36 2229.81 26227

CeSb Exp.* 6.77 221.00

Other® 6.66 3804.00 2197.00 2439.00 360.00

NdSb Present 7.03 3660.92 2111.59 2344.46 278.75

Present 7.33 3722.62 2127.98 2364.50 282.92

SmSb Exp.* 737 232.00

Otherc 311330 1143.90 1298.80 77.100

Present 7.82 3587.46 2127.09 2355.76 285.63

GdSb Exp.* 7.70 233.00
Otherd;® 4086.19, 2980.9 227451 2532.85 157.2, 148.88, 246.45¢

TbSb Present 7.98 3584.27 2045.05 227271 276.88

DySb Present 8.12 3861.95 2292.03 253820 309.71

HoSb Present 831 3646.16 2145.83 2378.17 291.60

Present 8.46 3287.09 1958.08 2167.09 266.59

ErSb Exp.* 8.42 237.00

Other’ 252.00

Present 8.55 3672.68 213839 237224 29229

TmSb Exp.* 8.57 237.00

Others 8.70 3645.50 221620 2448.50 241.00

Vbsh Present 8.80 3434.88 1992.30 2210.88 273.75

Othere 8.80 3580.00 2096.00 2324.10 228.00

Present 9.12 3367.08 1945.49 2159.72 270.04

LuSb Other* 3658.90 2177.74 2410.98 235.70

Other' 3419.00 1929.00 2144.00 205.00

°[12], °[18], <[19], “[21], ¢[39], '[7], ¢[42], "[6], [24]
Conclusion References

First priciple calculations have been performed to investigate
structural, elastic, mechanical and thermal properties of LnSb (Ln
=La, Ce, Pr,Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu) compounds
using (FP-LAPW + lo) method within density functional theory.
The ground state lattice parameters are consistent with experiment
and exhibit lanthanide contraction. Mechanical properties show that
these materials are less compressible and elastically stable against
deforming force. Pugh’s ratio (B/G), Cauchy pressure and Poisson’s
ratio predicted that these compounds are show brittle behavior. The
sound velocities and Debye temperaturesare also calculatedfor these
compounds. The higher value of Debye temperatures for DySb
compounds reveals that DySb is stiffer than other compounds.
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